Canine distemper is a contagious, potentially lethal disease of mainly domestic and wild canids, but also of many other mammalian species including large felids. In February 2004, two Siberian tiger (Panthera tigris altaica) cubs at the age of six months died at the Zagreb ZOO. The animals were presented for necropsy with two days history of severe digestive disorders, characterized mainly by haemathemesis. Dissections revealed catarrhal to pseudomembranous gastroenteritis (depending on the animal) accompanied with haemorrhagic oedema of the lungs. Necrotic tonsillitis and disseminated depletion of the lymphocytes were the most prominent histological findings in both examined animals, while intranuclear and intracytoplasmatic inclusion bodies were found in the samples of the tongues and intestines. Representative portions of the livers, intestines, tonsils and lymph nodes were submitted for bacteriological and mycological analysis. The presence of Clostridium spp., Campylobacter coli and Escherichia coli was detected in gut samples, coli-like bacteria were found in samples of liver, tonsils and lymph nodes, while Candida sp. was found in the gut and pharynx samples. Toxicological analysis excluded anticoagulant and organophosphorous intoxication as the cause of death. Immunohistochemical analysis was positive for canine distemper virus. Based on all this, epizootiological, clinical and additional findings, canine distemper was recognized as the cause of the observed condition in these animals.
Canine distemper (CD) is a worldwide infectious disease of mainly domestic dogs, but also of a broad spectrum of other species including large felids (Deem et al. 2000) . The disease is caused by a negative-stranded morbilivirus of the Paramyxoviridae family that is closely related to the measles and phocine distemper virus. Despite the fact that CD is probably one of the best examples of a disease that has proved capable of compromising the conservation of several wild carnivore species (i.e. Williams et al. 1988; RoelkeParker et al. 1996; Barret 1999; Kennedy et al. 2000; van de Bildt et al. 2002) , it has been repeatedly found that canine distemper virus (CDV) historically is not pathogenic in lions and tigers. This hypothesis was tested by Myers et al. (1997) who examined 42 cases of large cat mortalities in Switzerland and found evidence that 19 samples were positive (the oldest positive sample originated from 1972), indicating that CDV infections in lions and tigers are older and more widespread than previously thought. In the present report we describe clinical, pathological, histological and immunohistochemical findings in a case of naturally occurring canine distemper in captive Siberian tiger cubs.
Case report and findings
During February 2004, zoo-keepers reported that 2 out of 3 Siberian tiger (Panthera tigris altaica) cubs at the age of 6 months were exhibiting signs of gastrointestinal disorders. The cubs were immediately separated from their mother and the third cub. Their condition progressively deteriorated, with haemathemesis as the most prominent clinical symptom. The observed clinical condition was preliminary diagnosed as anticoagulant intoxication and prescribed therapy included vitamin K 1 (Konakion ® , Roche, Switzerland), H2 agonist to prevent gastric ulcers (Peptoran ® , Pliva, Croatia) and trimethoprim-sulphadiazine combination (Trimetosul ® 48%, Pliva, Croatia) as supportive antibacterial therapy. Despite the therapy, one cub died 2 days after the onset of clinical signs, and the other survived for 2 more days. The third cub that remained with the mother exhibited no signs of disease and both of them received a 5-day full therapy. Necropsies revealed ulcerative pharyngitis and tonsillitis, and catarrhal to pseudomembranous gastroenteritis (depending on the animal) accompanied with haemorrhagic oedema of the lungs. Multifocal necroses were found on the liver and pancreas. Along with microscopic lesions underlying the described gross changes, necrotic tonsillitis and disseminated depletion of lymphocytes were the most prominent findings in both examined animals. Intracytoplasmatic and intranuclear inclusion bodies were recognized in the tongue and intestines (Plate III, Fig. 1 ). Representative portions of the liver, intestines, tonsils and lymph nodes were submitted for bacteriological and mycological analysis. The presence of Clostridium spp., Campylobacter coli and Escherichia coli was detected in gut samples, coli-like bacteria were found in samples of the liver, tonsils and lymph nodes, while Candida sp. was found in the gut and pharynx samples. Toxicological analysis of the samples of blood and gastric content excluded anticoagulant and organophosphorous intoxication as the cause of death. Two years later, paraffin embedded samples of tiger organs were sent to the University of Bern for immunohistochemical analysis (IHC) with positive labelling obtained for the CDV antigen (Plate III, Fig. 2 ). In brief, the nucleocapsid (N) protein of CDV was detected using a monoclonal antibody D110 diluted 1:2 in TBS. We used goat-anti-mouse antibody diluted 1:40 in TBS as a secondary antibody. Sections were deparaffinized, rehydrated, peroxidase blocked, demasked and incubated with primary and secondary antibodies and visualized with peroxidase antiperoxidase reaction. Due to the similarities in some clinical and pathological findings between infections caused by canine parvovirus and CDV, an IHC staining for parvovirus was performed with negative results. Based on all this, epizootiological, clinical and additional findings, canine distemper was recognized as the cause of the observed condition in the respective animals.
Discussion
Major attention has only been paid to CDV infections in large felids after the epidemics in California (Appel et al. 1994) and Serengeti (Roelke-Parker et al. 1996) . However, the disease was probably occurring some time before that, because CD in large felids was for the first time suspected in 1950 when two young lions died with typical neurological signs (Piat 1950) . The main clinical symptoms in infected felids include either acute neurologic involvement or progressive intestinal and respiratory signs that, in a case of prolonged course, may lead to neurologic disease. Gross and microscopic lesions in felids infected with CDV are rare when compared to canids (Munson 2001) . Gastrointestinal signs in large felids include anorexia and diarrhoea that is sometimes haemorrhagic, as was observed also in our case. Similarly to our findings, intracytoplasmic and intranuclear inclusion bodies can be found in many organs, while generalized depletion of lymphoid organs and associated immunosuppression is a common manifestation of CD (for a review see Beineke et al. 2009 ). Despite the fact that CDV can cause both intranuclear and intracytoplasmatic inclusion bodies, there is still a possibility that some other viruses participated in their formation. For example, adenoviruses can cause intranuclear inclusion bodies and are occasionally present in the felids (Lakatos et al. 1999) . However, based on all other analyses we do not consider adenoviruses as etiological agent of this condition. The main route of virus transmission is aerosol or fomites with the initial infection occurring in the epithelium and lymphoid tissue of the nasopharynx. As several strains of CDV are known to exist, with different pathogenicity in different species, it is highly possible that certain local strains of the CDV cause disease in large felids and not just one special strain (Barrett 1999) . This is evident from the fact that the CDV that caused disease in North American lions is the same as the one isolated from racoons, while the strain isolated from African lions matches the strain isolated from hyenas and domestic dogs. This conclusion, especially based on the observed line of events during the Serengeti outbreak, indicates that a certain adaptation period is required between the virus transmission to another species and the onset of the epidemic form of the disease. In this initial stage, the virus probably requires certain predisposing factors to cause the clinically manifested illness. This, along with the fact that CD is frequently a subclinical infection, could be an answer to the dilemma about why some large felids develop the disease while the rest of the group remain healthy (Myers et al. 1997 ). In the case of the Zagreb ZOO tigers, the history of neonatal health problems in the cubs in question (low body weight, rachitic animals, etc.) that were overcome by time, represent a potential predisposition to CDV infection (considering that the adult animals and the third cub remained clinically healthy). This is further emphasized by the rapid onset and short duration of the disease, without the involvement of CNS. In most felids, the clinical duration of the disease ranges from 1 day to several weeks and is usually fatal. Regarding the possible source of virus, one of the explanations are zoo-keepers that own domestic dogs and could carry the virus on their clothes (virus is relatively unstable in the environment requiring closer contact); another is the abundant free-living marten population as it is known that martens are highly susceptible to CDV (Deem et al. 2000; Frölich et al. 2000) . The third possibility are subclinically infected adult tigers and lions (kept in an adjacent cage) that could spread viruses to their environment. In one example, Ramanathan et al. (2007) analysed blood samples from 56 apparently healthy captive Asiatic lions (Panthera leo persica) for the presence of antibodies against CDV, feline parvovirus (FPV), feline immunodeficiency virus (FIV) and feline leukemia virus (FeLV). Among them, 49 were positive for CDV and all 56 for FPV. Such a high prevalence of subclinically infected captive lions gives rise to the possibility of transmission of the virus to cubs, especially if it is known that CDV is relatively unstable in the environment, requiring close contact between infected and non-infected animals. 
